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0.61 below the six year average, leaving u deficiency of this amount in the 
yearly rainfall to October 1st.-. Prof. R. F. P’liontm, Columbus, director; 
Geut. Charles E. Kilbourne, secreta7 y ; C. M. Strong, Signal Cops,  mk tan t .  

Ten1 erature ( in degrees Fahr. ).-The temperature for September, like 
that O!%UIY and August, was below the normal. At  the end of the month the 
Bewon wns about one week Inte. Tlie mean temperature, 69.0, determined 
from fifty-two stations, was 2 below the avernge. The hlghest temperatures 
were Emporium, Conteaville, McConnellsburg, Lancaster, New 131oomfield, 
and Columbus 84. These occurred on the 9th and 12th. The lowest were 
b y  berry, 29; flonesdnle, Somerset, Bernice, and .Columbus, 30. These oc- 
curred on the 29th and 30th. The following station? reported the highest 
bean  monthly temperntures: Pottstown, 64.3; Coatesv!lle, 64.6; Cnrlisle, 63.7; 
and Cntnwissn, 68.5. Lowest : Somerset, 63.3; phIllli)sbU!g, G3.6; Bernice, 
64.9; D berry, G4.6; and Smethport, 65. Frosts were quite general on the 
29th a n i  30th. 

Precipitation (in inches).-The average mollthly rainfall for the state was 
4.84 inches, which is about 1.35 more than the average. I t  was nearly nor- 
blnl west of the Sus uehnnnn River. The lnrgcst n,lOnthly totals occurred at  
Bethlehem, 10.93; &unkertown, 9.36; nnd Oirnrdvllle, 8.!8. The lowest nt 
Pittsburgh, 1.77; nnd Wellsboro, 1.75. A number of stations reported light 
anow on the 29th niid 30th.-Under direction of the qanklilk Institute, Phila- 
ddphiaj T. F. Townseid, Signal Corps, asssistalct, 21’ charge. 

PENNSYLVANIA. 

SOUTH UAROLINA. 
The mean tempernture as far as reported was 6 9 O . 6 ,  being 2O.6 less than the 

record for September, 1887. In most instances the h h e s t  mnximum tem- 
perature occurred on the Ist, nnd the minimum ?n the 80th. 

The mean depth of rainfnll was 9.86 inches, while the record for September. 
1887, shows a mean depth of 1.12 inches. The greatestamount of precipita- 
tI?n occurred nt Newberry, where a fall of 17.90 Inches Was recorded. The 
r?lnfall in the early pnrt of tlie month wns general and In many laces exces- 
h e ,  causin considerable loss to the fnrmin interests.y%n. A! I-‘. Bur%, 
Columbia, %rector; H. C. Seymour, Signtzf C O T S ,  ma tan t .  

TENNESSEE. 
The only notable features of the month were the low tcmpernture which 

prevailed during the last few days, resulting in frosts, and the unusunl rainfalls 
on the 7th, 16th, and 22d. There were but few electrical disturbances, and no 
very high winds. 

Temperature (in degrees .Fahr.).-Tbe meail temperature was 64.2, fire 
lcss than the Se tembcr mean of the past years, nnd tlie lowest during that 
period, The higiest local incan was 69.4, at Sovnnnah, nnd the lowest, 62.0, 
at Fostoris; the highest tempernture reported was 90, on the 6~11, at Fayette- 
villc, nnd wns the lowest maximum for September during the pnst six yenrs; 
tlie lowest temperuture reported wns 30, on. the 30th, nt Fostorin and Lnw- 
rencebur and was the lowest September miriinium during tbc period nbove 
named; $e maximum temperature was recorded generally nbout the 14th and 
20th and the minimum, with two or three exceptions, on the 30th; the daily 
ran es of temperature were generally below the normal. 

fiecipitotios (in imhes).-The mean depth of rainfnll was 3.38, more than 
half an inch above the avern e for six years, and the greatest for that period 
except in 1885, when 3.80 d l ;  of this amount thc eastern division received 
an avern e of nbout four and n unrter inches, the middle division about 
four incfcs, while the western livision received nn average of less thnn 
an inch and a half. From the 1st to the 7th, inclusive, there were 
dnily rains, mostly light, until the last-named date, on which the henviest 
rain of the month occurred, averaging about an inch of ruinfull for the 
entire state. heavy in the middle division, 
where tlie average amounted to 1.67. d e  rains of the 16th and 22d were 
dso heavy, but with tlicse exceptions very little fell durin the last two 
decades of the month. The grcntest rainfnl! was G.i3 nt Rid%eton, and the 
lenst was 0.40 at McKenxie. Tlie greatest in twenty-four consecutive hours 
tvns 3.67, on the 7th, at  Riddleton. On this date other heavy rains were re- 
torted, ns nt Austin, 3.00; Florence statioii, 2.33; Hohenwnld, 2.79; Kingston 
springs and Ashwood, each 1.60; NunneW, 2.01- Wnynesborough, 1.47; and 
3nvannah, 1.36. There were fifteen days on which 110 measurable rninfall 
was reported. 

Wind.-prevailin direction, north and west-J. D. Plunket, Ai. D., Nash- 
aille, director; H. &Bate, Signal Corps, asszstant. 

Altogether the month was rather n pleamnt one. 

This rain wns particulafl 

. 

- - 
NOTES AND EXTRACTS. 

evaporation from water dishes in the open air. The falling of rain splmhes 
the water from the vessel or adds to it. When the temperature of the air is 
below freezing it is impossible to get ..fair measure of evaporation for a great 
pnrt of the time, on uccount of the drifting snow. For the winter season the 
evn oration calculated by un ernpica1 process from the dryness of the air, 
suc! as has been used here for t e who e year round, is probably more ac- 
curate than any results of direct measurement. 

I t  is nclinowledged that the results of d m c t  mensurement of evaporation 
from water dishes, by wei hing, would, pn the whole, give a more satisfactory 
determination of the dcptff of evnporation than the process here resorted to, 
but the expense of rocuring balnnces, nnd the great labor entailed on the 
men at stations by tge method, forbid its use. 

Even after evaporntion is obtained from dishes it is doiibtful what it repre- 
sents. Under the same circumstances of tern erature and dryness of air, 
different shaped vessels will ive different re?uYts for the depth of evnporn- 
tion, presumably on account of the  varying fncility with which the vessel takes 
the temperature of the air, which depends on its shapc, the ninterinl of 
which it is made, and its absolute size. A cylindrical vessel of the same 
bulk os a rcctangulnr one exposes less fiuKfaCe to  the air, bnd as the ves- 
sel gnins its heat by contnct with the nlr, It will risunlly not be nt the same 
.empernture as the rectangular one. Eva orotlori from the surface tends to 
,ower the temperature, and the nmount o r  lowering depends on the relation 
wtwecn the surfnce and tlie volume of water. At  8 p. m., as observed at  
Kiikuss, this lowering of the tem eratwo of the wnter in vessels amounted, 
)n the avernge in June, to 9 O . 9  Fatr. 

Hut greater thnn nll other things, in im effects on the depth of evnporntion 
i o m  vessels, is the effect of the depth pf the muter surface below the rim of 
he vessel. In  the cn8e of n vessel Of circular section 2.6 inches in diameter, 
.he evaporation, when brimfull, is about .60 per cent. greater than when the 
vater surface is 0.8 of an inch below the rlm. 

Even if a sntisfactory size and shape of vessel for observation of evnporn- 
.ion could be settled upon, it is very doubtful how nearly evaporation from it 
Kould represent the actual evnporntlon from the s~rrfncc of a nei hboririg 
3ond or nver, owing to the uncertainty of the effect of the wind. J&nd pro- 
notes evnpor~tion powerfully, m will be seen further on, But, by meniis of 
rind velocities, as measured by anemotqetcrs high up in the air, it  is herd to 
&mato the effects of wind on evaporation from a pond or river sheltered by 
rees or high bnnks. 

For any particular lace the most antisfactor{ wny to obtain the depth of 
,vn iorntion would be%y n s ccial investigation or that place. 

?he Piche evaporometer b e e  figure) consists of a glnss tube 9 inches long 
ind 0.4 of an inch internal dinmF,ter. The to ) end 1s closed and has an eye 
br suspendin the instrument. l b e  tube is filled with water rind on the open 
!nd a pnper &sk 1.2 of nn inch in diameter is placed and held in position by 

Water is supplied to brass fixture sliding easily in a collar along the tube. 
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J u n e q t o a E  ........................... 
June28 toag ........................... 
Junezgto  o ........................... 
J u n e 3 o t o 3 u l y r  ........................ ....................... 
J ~ l y z t o J ~ l y 3  ........................ July I to J u l y 2  

the  paper from the tube by capillary action, and evaporates freely from it intc 
the air, the amount de ending on the dryness of the air anc 

figare*the velocitv of the win8. There is a scale etchedon the tubt 

i 
I.03 1.03 1.36 1 . 3 8 !  1.p 1.34 
1.04 1.01 1.P 

0.70 0.76 1.32 1.35 1.82 :!$ 
0.b o.* 1.66 

o-fo 0.83 ::jg ::$I ::$ 
0.89 ........ 1.79 : :E j ::2 2.09 

/ 

Nos. 1 2, 3, 6. and !4, at Washington, 11.0, 11.2, 11.2, 
11.3, and 11.2, respectively; No. 4 at  Boston, 11.2; No. 
6 at New York, 11.2; No. 7 at Charlotte, 11.4; No. 8 at 

Buffalo, 11.2; No. 9 at Cincinnati, 11.2; NO. 10 at Memphis, 11.2. No. 11 at 
New Orleans, 11.8; No. 12 at Chicago, 11.2; NO. 13 nt Saint Louis, 11.4; 
No. 16 at  Keeler, 11.2; No. 16 at Yuma. 11.2; No. 17 at El Pnso, 11.0; No. 
18 at Dodge City, 11.2 ; No. 19 a t  San Antonio, 11.2; No. 20 at Omaha, 11.2; 
No. 21 at Denver, 11.2; No. 22 at Saint Vincent, 11.2; No, 28 at Helena, 
11.4 ; No. 24 at Bois6 City, 11.3. 

The instrument at Charlotte was broken before any observations were ob- 
tained. The observations were not well started at Buffalo until the middle of 
Au st. 

l y e s e  instrumenta were mounted in the thermometer shelters a t  the stations. 
They were read once a day nt l?, p. m. during June, and nt 8 p. m. during 
July, August, nnd September. 1 be difference in thc readings on successive 
da s gave the amount of evaporation for the various days. 

h e  shelters on Si a1 Service stations are usually a t  n height of nine feet 
above the roof of b u g i n g  where situated. The shelter is a cubical box three 
feet on a side, with the sides of o en louvre or lattice work, and a close b o l d  
bottom and a close double top. f t  o ens by ahinged louvre-work door to the 
north, which is kept closed except wble  observations are being made. 

To  determine the relation between the evaporation from a water surface and 
that from the Piche, two Piches were compared, in the quiet air of a closed 
room, with two tin dish-evaporometers, each 6.55 centimetres in diameter and 
1.8 in depth. I n  these experiment,s the Pichcs were weighed from day to day, 
as well as the dishes, and not read by the etched scales, as wns the case with 
those on stations. 

The results of the ex eriments showed that the rate of evaporation from the 
dishes diminished regugrly as its watcr surface fell below the edge of tile 
vessel. The Piches evaporated 1.33 times that of the dishes, surface for 
surface, ns compared with the dishes while u t 0  full. The coeficient in- 
creased to 2.06 as the surface of the water in %sh fell. 

The coefficient used to reduce the Piche evaporations on stations to  nn 
equivalent water surface wns 1.33. This was the mean obtained from all the 
observations with the vessels quite full, as Ion 89 the water surfaces did not 

observations with the surfaces below this limit were rejected. 
The coefficient of a similar instrument, as determined by Prof. M. Kunze by 

comparison with evaporation from a metnl dish with a surface of 260 square 
centimetres (about eight times thnt of the above) w u  found to be 1.42, 88 
given by the mean of comparisons from April to dctober, 1880. The results 
of the observations are contained in Band xvi of the " Zeitschrift fur Meteor- 

fall more than 1.6 of a milimetre below the e d ges of the vessels. All other 

to cubic- [entimetres and tenths. The difference in thc 
reading of the top of the column of water gives the volumt 
evaporated from the paper in the interval between tht _ .  
readings. 

Twenty-five of these instruments were procured for tht 
Sienal Servicc. and observations were made dailv witl 
eiihteen of them at  various stations, from the 31st of Ma) 
to the 30th of September, 1888. 

A few of the instruments were calibrated with mercury t c  
test their graduation and were found to be very exact, ex, 
ccpt in the case of the one sent to Yuma, which was dis, 
covered by the observer to be grnduntcd incorrectly belolr 
17 cubic centimetres by one whole cubic centimctre. Thc 
paper disks supplied to the stations were all exactly of the 
same diameter, and the paper all of the same kind, thin, 
not over one hundredth of an inch thick, and unsized. The 
brnss c i r fdar  disks holding the paper in place on the tube 
were all measured and found to have the same diameter 
within one-tenth of a millimetre. The external diameters 
of the tubes, where in conpct  with the mper, varied from 
14.0 millimetres to 16.6. rhe amount 01 paper surface ex- 
?sed to the air was taken ns twice the area of the paper 

iuk, minus the area of the end of tube, minus the area 01 
brnss disk. The amount. of surface exposed by the edge 01 
the paper was neglected. Even if this surface wns appreci- 
able it is allowed for by the method of stnndardizing the 
eva orometers by reference to the water dishes. 

&e amount of pa er  surface exposed in the various 
evn orometcrs varied from 11.0 square centimetres to 11.4, 
as i ~ ~ o w s :  

01 *e," 1881, on page 31. %. Riegler in Band xiv of the " Zeitschrift " for 1879, pa e 873, gives the 
coefficient of hiche ns 2.03. His results for the coefficient, wkch vary a11 the 
way from 1.64 to 2.22, are no doubt due to the varying depth of wste; surface 
below the edge of evn orating vessel. The vessel used in this case was a 13 
litre cylindrical thin grms vessel immersed in a basin of water exposed in 8 

arden, and weighed at intervals of a few days when there hnd been no r i n -  
fall during the interval. 

Concerning the effect of varying kinds of pa er  used on the Piche, Dr. 
Riegler Ea s: " Comparative observations showez that papers of perceptibly 
9ifferent tiicknesses to the naked eye, end even well marked variations in 

superficial appearance, gave no perce tible variation in the amount of evapora- 
tion provided the paper unsizex" The writers experience also agrees 
with this. A pad of the thickest sort of blotting paper wag cut to exactly the 
size of the disks in use, and the evaporation from it was found to exceed the 
other only in the proportion of 107 to 100. The blotting paper being thick, 
ex osed more edge surface than the other disks. 

h e r e n t  Piches, when read together,. were found to agree very closely with 
ea:! other, much more SO than two slmdnr tln dishes. 

l h e  hei ht of water in the tub:, whether full or only containing a small 
quantity of water, makes no.apPreclable difference in the rate of evaporationi 
as was ascertained by ex erlment. 

The following series o?reaulta Shows what may be expected in the way of 
agreement among different iiistruments: 

DeptJL of evaporation, in milimetres, in quiet air. 

Dutc. 

surface below edge of veesel. 
I n  Table I are given the de t h f ~  of evaporfltion observed with the Piche in- 

struments on stations, reduce l f  by the coefficient 1.33. 

Btation. 

I- 
Boston ................ 5.16 
Now York ............. 4.49 
Washington.. ......... 4.64 
Buffalo ....................... 
zincinnuti ............. 6.22 
Morn his .............. 
New L e a n s  .......... ::1a3 
:hien o . . .  ............. 5.59 
h i n t  kouis  ............ 6.18 
Keeler 11.66 
Yumu 13.87 
E l  Pa80 13.9' 

.......... ........ 
lmahn.. ............ ...I 7. bI 
Denver ................ 9.42 
3aint Vincent. ........ .I 5.63 
Uelena ................ 4.88 
Boia6 CiLy*. ........... 5.83 

.B 

Miles. - 
10.2 

:: 1 

2: 8" 
....... 

6. I 

10.3 
9.7 
7 .9  
7.3 
8. 2 

11.6 
8.1 
7.6 
8.0 
7.6 

I- 
nches 

5.87 
5.36 
4. r 
6.93 

9.38 
5.52 
5.79 

12.76 
13.63 

5.08 
6.62 

10.91 

- 

...... 
5.24 

8: 2 

4.33 
7.9 ' 8.20 
3.1 I 9.14 

- 
Miles. 

11.3 
9.0 
3.9 

5.6 
....... 
2:; 
IO. 4 
8. 2 

5.4 
5.9 
8.0 
9.8 
7.7 
6.8 
6. 2 

7.5 
6. 2 

1.5 
____ 

Bept., 1888. 

nches - 
1.68 
1.88 
2.52 
3.70 

3.70 
5.79 
4.61 

10.95 
10.36 

6.07 

5.94 

6.86 

:: ?% 

10. m 

2: $ 
...... 
...... 
_- 

/ 

Mile% 
/ 

%:: 
8: ! 

8: a 
6.4 
5.' 
6.3 

6.0 
5.4 
5.4 ....... 
5.8 
7.3 ....... 
z : j  
2. 

/ 

The amount of evn oratjon depends principally on the dryness of the air 
md the velocity of t i e  wind bl?wlng over the evnpornt,ing surface. The 
mensure of the dryness of the a!r 1s the difference in vapor tension correspond- 
ing to the temperature of the air and that corresponding to the temperature Of 
:hc dew-point. 

The wind prevailing inside the shelters is much less than that outside show' 
by the anemometers. These latter are the ones given in table above. 

A t  Washington City, in the shelter at new office (not the same one a8 that 
,n which evaporation above p ' e n  w89 observed) the wind velocit , an 
memometer set up inside the shelter for eight days, gave a res& 
miles an hour as compared with a velocity of 6.68 miles outside, only 62 Per 
:ent. of the velocity outaide. 

It has been found impossjble to  make any satisfactory allowance for the 
uind effect varying with velocity the observations of eva oration Given hers, 
in nccount of the interference with the wind produced g y  the sldes of the 
ihelter. 

Stellin represents the evaporation 88 the sum of two products, one a cor 
itant m u k  lied by the difference of vapor tension corresponding to the tew 
Ierature o f  the water in vessel, and the tension for temperature of dewpoiat 
)f the air the other factor. the other product a constant multiplied by the 
wind velocity and the same differeuces of vapor tensions. While this may be 
iatisfuctory for the open air, it does not seem to work well when applied 
)bservations in a shelter. The e n d  effect h? been therefore left out of con' 
iideration in this work, except.ln as fur as its effect at all places is taken 
)e uniform. The figures here given for depth of evaporation muat be vieaed 
~6 applying for the average state of the wind, which, all the year round at 
tations of the Signal Service does not, on the average, amount to  more the' 
1.6 miles per hour. 

A scrutiny of the result8 of evaporation for single days at  the various 
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tions shows it to depend more largely on the dryness of the air than the wind 
travel for the day. 

Experiments were made which show that the .effect of the wind on the 
evaporation from a vessel exposed in the open air 1s ver great. Two Piclie 

on the end of the 28-foot arm of! the whirbng meclily set up in the enclosure 
of the Pension Office building. The whirling machine wns the one used in 
standardizing anemometers. The instruments, filled with water, were first 
weighed on a fine balance to  the hundredth of a gramme. The whirling arm 
was then turned so that the Piche on its end moved with a velocity of fivi 
miles gn hour. The motion wns continued for half an hour, and at  the cnc 
of the time both Piches were again weighed. Then, the Piche that had beel 
suspended in quiet air was Put on the arm, and the one that had been on thc 
arm was put in its place. was then started again at  the Sam( 
velocity, and continued for nnother half hour. At  the end of the time thc 
Piches were again weighed. While this was bein done the humidit of thr 
air was determined from time to time by means of whirled wet and Kry-bulk 

instrumeiita were taken, one SUE ended in quiet air rind t i, ie other fixed rigidly 

J'he whirlin 

thermometers. 
Observations were also made in the Rame way with the Piche m o t h &  a1 

velocities of 10, 16, 20, 26, and 30 miles per hour.. At  8 velocity of 6 rnller 
an hour the evaporation from a Piche ww 2:2 times that from one in quiet 
air; a t  10 miles, 3.8 times; at 16 miles, 4.9 times; at 20 miles, 6.7 times; a1 
26 miles, 6.1 times; and at 30 miles, 6.3 times. During the time the observe. 
tion8 were made, June  25 arid 20, 1888, the average temperature of the aii 
Waa 83.7, and the relative humidity GO per cent.. 

The effect of barometric pressure on evaporation, other things being equal, 
is to Caiise theevaporation to begreater as the pressure 18 lower. The energ 
required in the ex  ansion of a gas, or the development of a vapor, is equc 
to the product of t!e pressure by the volumc of va Or roduced. The ener 
remaining the same, then the, nmount of vapor &efoped will be invend! 
pro ortional to the pressure. The energy required In evaporation comes fror 
the\eat of the water, and the water derives 1.ts henti In turn, from the SUI 
rounding air by contact of the air-particles with the vessel. The power c 
the air to communicate heat to the vessel will, of COUPS% be less ns 1t.s press 
Ufe is greater; but it is not imagined that there would be any a preciabl 
diminution of its heat-communicating capaciti for Pressures onpy 4 or 
Inches below 80 inches. I n  the work here, t erefore, the evaporation at  
place with a pressure below 30 inches is taken to b e . P a t e r  than it would b 
I f  the pressure were 30, in the proportion of 80 divided by the pressure s 
the place. 

I n  Table I1 are given for the month of June, a t  the stations where Pich 
evaporometers were observed, the mean dew-polnt and the mean air tempera 
ture and the mean wet-bulb thermometer readingst 88 derived from the tri 
daily observations made at  7 a. m., 3 p. m., nnd.10 Tnble I1 nlso con 
bins the mean barometer readinp,  the vn or tension correspondin to wet 
bulb temperature and the dew point, and t i e  Piche evaporation refuted b: 
the barometer factor, na explained nbove. 

T A ~ I , ~ ;  1I.-Temperature, wet-bulb. dew-point, Uapor-te?lsio?t, barometricpress 
ure, and reduced evaporation, June, 1888. . . .  

~~ 

are all of a high order of excellence. They are stem- aduated to sin le degrees 
and the tubes were a number of years old before K i n g  graduatef, so ns to 
provide to some extent against changes oftheir freezing points with age. Be- 
fore issue to stations they were compnred at wnshington City with standards 
a t  temperatures from -28O to 102'. NO thermonieter is issued which has a 
correction at  any of the points ten degrees apart ns p e n t  as O O . 8 ,  except in 
rare instances. I n  nine-tenths of the eases the corrections me not as large as 
OO.1. No corrections are npplied on stntions unless they are 0 O . S  or more. 
The whirling of the thermometers gives a satisfactory determination for the 
dew-point even when the tempernture of the wet-bulb is below 32'. 

The Signal Service thermometer reading and the hiimidity of the air cnl- ' culated from them haven high degree of n,ccuracy on account of the excellence 
1 of the instruments and their exposure. These circumstnnces are mentioned 
~ because results for humidity of air derived. from inaccurate instruments are of 
1 little wlue, a9 even thc smallest errors of instruments enter the determination 
of vapor tensions from wet and dry-bulb thermometers with great effect. 

The amount of evaporation that takes place depends on the dryness of the 
air, the wind velocity, nnd the temperature of the evn orating water. I n  the 
cnse of the Piche evaporometer the temperature of t i e  evaporating water ie 
strictly that of a wet-bulb thermometer exposed ai the same place. 

For the purpose of deriving constants to estpblisli the relation between the 
amount of evaporation and the dryness of the air, the cvnporation will be taken 
as dependent on the difference of the vapor tensions a t  dew-point and the 
temperature of the wet-bulb multiplied by a coilstant, and on the vapor ten- 
sion corresponding to  the temperature of the wet-bulb multiplied by another 
constant. 

For the various stations where Piches Were observed the observation equa- 
tions given below were formed in this way : The absolute term of each equa- 
tion is the depth of evnporntion at  each Place, reduced for the barometric 
pressure ns previously explained. Givin these equations equal weight and 

multiplying each one Lrou  h by the coefficient of A, in that equation. and 
adding, then multiplying eac% by its coefficient of B, and addin two normal 
e nations are obtained. Solving these, the values of A and 8 are derived, 
wtich, substituted in the original equations, give the residuals. 

treating them accordin to the method 0 d leaat squares, in the usual manner, 

0 0 Inche8. 
66.8 59.7 .512 
71.4 64.1 -597 

a631 
..................... 74.1 64. .597 ...................... 75.4 68.7 

72.1 1% ......................... 67.4 60.0 .................... 73.2 66.2 ,643 ......................... 73.9 54.3 .42r 
85.6 62.8 *57' 
83.0 60.7 

63.2 -579 
72.2 a 7 8 9  

. 70.0 62.1 e557 
68.4 9 . 8  a 3 9 9  

......................... 9 . 8  50.7 3369 4 1 1  

................... 73.0 65.1 

................... 77.3 

.................... 74.5 ................... 78.0 ........................ 
.................. 62.8 57.1 

..................... 64.2 53.6 
1 

Normal equations: 

(6.887) A+1.1660 B -62.21=0 A= 1.90. 
1.1660 A+(0.3337) B --16.90=0 B=43.88. 

These residuals are quite satisfactory, VerJ much more so than any set that cnn 
>e derived b effect according to the velocities 
$veri in TahL I. 

Constants have not been computed by means of the Piche eva oration ob- 
iervations made in July, August, and SeptFmber, as there wns a ciange in tho 
iours of observation of thermometers beginning with July, the thermometers 
!eing read at 8 a. m. and 8 p. m., instead o f 7  a. m., 8 p. m., and 10 p. m., 88 
ormerly. An observation has been made a t  3 p. m., and it is to he continued 
inti1 the end of the resent year, but it has not been reduced and carried into 
he regular forms. i o  get the mean wet-bulb temperatures and dew-poinu 
ncluding this observation, the original records would have to be consulted. 
l'he labor of forming means, etc., would have been EO great that it wns not 
indertaken. 

The evaporation for July to December, 1887, and January to July, 1888. 
;ken in Table 111, have been computed by the formula- 

allowing for a variable win 

2 

0 
.I 

e 
t 
B s 
7J 

L_ 

54.7 
60. I 
61.8 
57.8 

54.9 
62.2 
3 . 6  
46. o 
41.5 
56. a 

36.8 
52.7 
43.4 
44.5 

2: f 

3: ; 

,,is the vapor tension corresponding to the monthly mean of the wet-bulb 
hermomet.er; pd is the vapor tension corresponding to the monthly mean dew- 
loint; b is the niean barometer reading; A 1s a constant equal to 1.96, and B, 
, constant equal to 48.9. The quantities obtained from the above formula have 
leen multi lied by a factor 1.03 for months of thirty-one days and divided by 
.oa for Feiruary. These latter are the quantities given in the table, and they 

I I 

Observation equations, residuals 
+.612 A +.068 B - 6.11 =v. 
+.697 h +.078 B - 4.44 =v. 
+.631 A +.OS0  B - 4 . 6 0 = ~ .  

.697 A +.119 B - 6.04 = V. I .700A +.077 B -  4 . 2 9 = ~ .  
+.?a6 A +.069 B - 3.79 =v. 
f.617 A +.087 B - 6.43 = V. 
+.643 A +.084 B - G.OO=V. 
+.421 A +.a29 B -10.14 =v. 
+.G71 A +.261 B --18.73=~. 
+.629 A +.268 B - 1 2 . 1 0 ~ ~ .  

+ . 7 8 9 A + . 0 6 7 B -  2 . 6 8 ~ ~ .  
+.G67 A +.Os4 B - 6 . 6 8 = ~ .  
+.399 A +. lSI  B - 7 . 7 9 = ~ .  
f .466 A +.OS9 B - 6,41 =v. 
f .369 A + . O W  B - 4.17 =v.  
+ .a l l  A +.ll8 B - G.20=\.. 

+.Gig A +.128 13 - 7.11 =v. 

(eomp.-obs.). 
- .a8 ................. Boston. + .16 ................. New York. 
4- .16 ................. Wnshington. + .a6 ................. Cincinnati. + .46 ................. Memphis. 
4- .34 ................. New Orleans. - .60 ................. Chic . 
-1 -05 ............... ..Sainta&oouis. 
-k .73 ................. Keeler. 
-1.15 ................. Y u m a  + .27 ................. El Peso. 
- .36 ................. Dodge City. 
4-1.81 ................. San Antonio. 
-1.46 ................. Omnha. 
4- .94 ................. Deliver. 
-1.47 ................. Saint Vincent. 
4- .41 ................. Helena. + .79 ................. Bois6 City. 

4 
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Milwaukee . 
Menn . 

186.3. I 1864 . 

SEPTEMBER. 1888 . 

3.04 '2.65 
3-50 )8.16(29) 
5.41 t7.35 
5.18 17.45 
4.73 4.78 
4.00 2 . 0 0  .................... 

represent evaporations inside of the shelters when the velocity of the wind 
outaide is 7.1 miles per hour . This is the mean of the velocities at the stations 
during June where the Piches were observed . This probably corresponds to 
a velocity inside the shelter of 3.5 miles per hour . 

The resulte derived in this way for Boston can be compared with a very 
elaborate series of observations of evaporation made at the reservoir of the 
Boston waterworks by Mr Fitzperald. . and re orted upon in the Transactions 
of the American Society of Civll Engineers. $01 . XV. 1886 . These observa- 
tions were made by measuring the evaporation from a large vessel filled with 
water and immersed in the reservoir . A raft was floated in the reservoir centre 
for the purpose of makin the observations . Mr . Fitzgerald concludes from his 
experimental work that $ere was no difference in the amount of evaporation 
from vessels in sunshine and shade . The results of the work. as given below. 
are for a different year from that in which the Signal Service observations 
were made . 

Depth of evaporation at Boston . 

2 . 8 1  
3.33 
6 . I O  

3.18 
3.06 

At t h e  wnter-works reservoir . 

............................................ 
&y ................................ 
June ................................ 
J u l y  ................................ 
August ............................. 
September .......................... 
October ............................. 

I 
Month . IInches . 

4. 32(27) 
5.54 
6. 49 
5.04 
3 .83(q )  
3.06 

Jnnunry .............................. 
Februnry ............................ 
Mnrch ................................ 
A ril ................................. 
June  ................................. 
July ................................. 
August ............................... 
8 e  tember ........................... 
Ocfober .............................. 
November ........................... 
December ............................ 

Year ........................... 

&y .................................. 

- 

0.90 

1.80 
3.10 
4.61 
5.86 
6.28 
5.49 
4.09 
2.95 
1.63 
1.20 

39.11 

1.20 

- 

At t h e  Signal Sorvico s ta t ion . 
Inches . 
1.62 Computed 1888 . 
1.81 Do . 
2.25 Do . 
3.22 Do . 
4.46 Do . 

2.65 Computed. 1887 . 
2.21 D O  . 
1.46 UO . -- 

38.67 
34.40 July. 1887. t o  July. 1888 

The mean annual evaporation at the Croton waterworks reservoir. New 
York. uoted by hlr . Fitzgerald. is 89.21 inches: The evaporation a t  New 
York d t y  Signal Service station. as found here. 18 40.6 inches . 

An extensive series of evaporation experiments w88 made at Milwaukee in 
1862. 1883. and 1864. from April to October . They are given in detail for 
each day in the Report of the Chief of E n e n e e n  for 1867 . The results for 
the monthsare given below with the evaporat~onsalongaide of them as observed 
at Chicago by means of the Piche evaporometer in 1888 . The Milwaukee ob- 
servations were made by weighing8 of a large shallow vessel filled with water 
and set up inside a thermometer shelter . The incomplete observations. 
twenty-six days. twenty-seven days. etc., are probably due to loss of the ob- 
servations mused by rain . 

I 

Chicqo.  
1888 . 

Piclio . 

......... ......... 
5.59 
5.52 
6.97 
5.79 ......... 

As re ards the accuracy with which the figures for evaporation ' 

Table II? represent the actual evaporation from ponds. rivers. and tc 
followin may be remarked : 

The ebect of the high exposure of the shelters is to make the figures too 
eat. the wind action being far greater at the height of the shelters than the 

gve l  of the ground . The eva oration taking place from a small paper disk. 89 
in the results obtained with t i e  Piche instrument have a tendency to be too 
small. as the determinin8 temperature of evaporation is that of a wet-bulb 
thermometer exposed un er similar circumstances . I n  the case of a body of 
water the determining temperature of evaporation is nearly that of the averaqe 
temperature of the air . I n  the sunshine I t  is far above the air temperature in 
the case of shallow water . The results are probably within 20 per cent . of the 
truth . 

I n  conclusion it must be stated that these figures only represent possibilities 
of eva oration and not actual evaporation over the whole surface of the coun- 
t r  . f f  a set of figures were prepared for the various garb of the country 
wgich would represent the opportunities of eva oration w ich depend on the 

soil and the amount and character of vegetation. the product of the two seta of 
figures would be the absolute evaporation . 

' 

relative amount of land and water surface an  B on the wetness or dryness of 

NCIC ENJland . 
Enat ort ........... 
PortLnd.  ........... 
Mnnclicster ......... 
Northfield .......... 
Boston .............. 
Nantucket .......... 
Wood'a Holl .......... 
Block lslnnd ........ 
Now Hnvcn ......... 
New London ........ 
Mid . Atlnnfic Stoles . 

A 1 bnn4 .............. 
Kew orkCi ty  ..... 
I'tiilnde I phin ....... 
Atluntic City ....... 
Bid tirnoru .......... 
Wicsliingtoti City .... 
Ly ncliburg .......... 
Kurfolk ............. 
South Atlantic Slates . 
Chnrlot te ........... 
Hutterns ............ 
Chnrlestun .......... 
Colombin ........... 
Augustu ............ 
Snvmn:rh ........... 
Jnclcsonville ........ 
Florida Peninsula . 

Titusvillo .......... 
Codnr Keys ......... 
Key  West  ........... 
.%as tern OulfSloles . 

Atluntu ............. 
Pensncoln ........... 
Mobilo ............. 

romory ........ 
?iX%ury .......... 
Now Orlcnna ........ 

Wcslarn Qulf Slalcs . 
Shrcveport .......... 
For t  Smith ......... 
Lit t le  Hock ......... 
CorpuR Christ1 ...... 
Gnlveston ... ....... 
PnleRtine ........... 
Snii Antonio ........ 
Rio Qrande val ley  . 

Hio Griindo City .... 
Ihownsville ........ 
Ohw Val . & Tennessee . 
Clinttnnoogn ........ 
Knoxvi I I  u .......... 
Memphis ........... 
Nnslivillo ........... 
Louisville .......... 
Indinnnpolis ......... 
Cincinnnti .......... 
Columtius .......... 
Pitlsburf ........... 

Lowar ake rcgwn . 
Butfnlo ............. 
Oswcgo ............. 
Kooheator .......... 
Er ie  ................ 
Clevelnnd ........... 
Bundusky ........... 
Dctroit ............. 

Upper lake region . 
Alpenn ............. 
Grnnd Hnven ........ 
Lansing ............. 
Mnrquotto ........... 
Por t  Huron ......... 
Chicngo ............. 
hi ilwaukee ......... 
Green Bay .......... 
DUlUtll ............. 

Ezlrrme nurlhwat . 
Moorhsud .......... 
Saint Vincent ....... 
Bismnwk ........... 
For t  Buford ........ 
Fort Tot ten ......... 
upper nfwBu(nippi Val . 
h i n t  t'nul .......... 
I, nCroaso ........... 
Dnvenport .......... 
DcsMoinoe .......... 
Du bu q ue ............ 
Keokuk ............ 
Cniro ................ 
sp r in  field, I11 ...... 

Missouri Valley . 
Lnmirr .............. 
Bpringficld Mo ..... 
'I'opekn ............. 
Omnhs .............. 

KHlL'q '1 I1 ............. 
W i I r n  I ngton ........ 

.rolelip .............. 

snin t %ouis ......... 

Lenvenwor'th ....... 

i 
3.41 
2 . I )  

I 

5: :I 

2.7 
3.3, 
5 . d 
4.7 

2.7 
2 . 6  

4.0 

4.5 
4 . b  
5.7 
3.61 

4.11 

5.6. 
4.21 

5.8, 
3.0; 
5.4 

4.4 
5.41 
5.0' 
4.61 

4.3 
5 . I '  

4.3( 

4.8! 

5.01 
4.6 
4.0' 
5.81 
4.81 

4.2 
4.61 
4 . I 
3.9; 
4.2 
4.5) 

4.61 
3.9 

4.5, 

4.3! 

I 

4.2 
4.0 
5 . I 
5.81 
5.7 
6. 41 
5.81 
5.41 

3.8: 
4.9! 
4.6 
4.4, 
4 . G! 
4.6' 
4.8) 

3.4 

3.6 
3 . 8! 

3:; 

4 .SI 
3.8 
4 . II 
a . 5 j  

I 
3.8 
3.91 
4 . II 
5 . o! 
3.8 

4.11 
4-41 
4.61 
4.2 
4.2' 
4.3 
4.3' 
4.3 
5.01 

I 

5 .0  

5 .2 .  

4.0) 

:: :. 
4.11 

2 .2  1.4 

2.4 1.4 

2.2  1.48 

0.8 0.5, 

2.4i 1.6)  

2 .1 :  1.4 

3.31 2.2 
1.2 1.5 
3.61 2.4: 

2.5; 1.4, 

1.11 1.0j 
1.8) I.n! 

1.8 1.4' 

3.3 2-21 

2.3 1.8, 
3.6/ 2.6! 

2.41 1.8' 

3.2 2.51 

2.6 1.6 

2.8' 2.7' 

3.61 2.4 

3.61 3.1' 
3.5 2.61 
3.81 3.6. 

4.0 2.11 
4.2' 3 . 1 

3.61 3.11 

3.9, 1.9. 
3.8; 2.11 

1 

4.1! 2.4 
3.3 1.9; 

3.31 2.11 

3.81 2.2 
3.1 1.6' 

2.6 1.81 
2.81 2.3 

1.d 1.61 
2.2  1.0, 
2.21 1*3! 
2.41 1.41 
2.2 1.3 
2.4; 1.31 

1.9 1.2 

2.0  1.3, 

I.?' 1.1' 
1.41 1.01 
1.3 1.31 
1. j )  1.01 
2.3 1 . 2  

1.51 0.81 

1.4 0.91 

1.2' 1.01 
1.9 0.9 

2.7. 1.41 
2.2' 1.41 
3.0' 1.4 
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Arkamas-Cont'd. 
Texnrknnn ......... 
Wnshington ....... 

Briliah Columa. 
Now Westminstor.  

California. 
Alcntrnz Islnnd .... 
Andcrson .......... 
Bnnning.. .......... 
Bnrstow ........... 
Benicin Bnrrncks . 
Fort Bidwell ...... 
Port  Qaston ....... 
For t  Mason .......... 
Lowis Creek.... ... 
Neodles.. .......... 
On k I nnd ........... 
Orovillo ........... 
Presidio of Snn F .. 
Sncrnmonto ........ 
Bnlinns ............ 
Snntn Burbnra.. .... 
Snntn Marin ........ 
Willow ............ 

Colorado. 
Doltn ............... 
Fort Collins.. ...... 
Fort Lewis ........ 
Qoor otown ........ 

8mnccticut. 
Birmingham .......... 
3nnton ............ 
:olchestor ......... 
:lark's Fnlls .......... 
Knrtford a ......... 
Hsrtfordl.. ........... 
Luke Konomoc ....... 
Mnnsrleld .......... 
Now Uritnin .......... 
Yew Hartford. ..... 
Y. Woodstock ........ 
'omfret.. ............. 
3helton..  .......... 
gou thington ....... 
Phompson ......... 
Jncnsvillo ............ 
Voluntown ........ 
Vernon Centre ........ 
Wntcrbury.. ....... 
Wndl ingford .......... 
iV. Yirnsbury.. ........ 

Dakota. 
Brooki ngs ......... 
hvenpor t  ......... 
?ort A. Lincoln. ... 
Fort Mendo 
'ort Pembinn.. .... 
Port 1Lindnll. ......... 
Fort Sitlseton ...... 
Port sul ly  
Port Totten ....... 
Fort Yntes ........ 
inllntin .... .......... 
h d e n  City.. 
3oddard 
irund Forks. ...... 
(inibnll .......... 
<OW England C i ty .  
Yobstor ........... 
Hoonsockot 

Delaware. 
iownrk 
.%triet of Columbia. 
)istribut'g res'v'r. 
Leccivin res'v'r*.. 
vnaliin fon rrque. 

F.9orida. 
, I  tnrnon to Springs. 
.Ivn* .............. 
,rchor ............. 
!uko .............. 
a r t  Mende. ....... 
[omolnnd 0.. . .'. ... 
Ianntuo. .......... 
[orritt's Island ... 
t. Frnncis Bnr'oks. 
'nllnhaaseo,.. ...... 

Qmgtn. 
ndersonvillo ..... 
luck ............... 
0rsyt.h .............. 
[cphaibnh 
t nriu ttn 
[illodpwille ...... 
:uitmnn ............... 
'homnHVillC ....... 

Idaho. 
oiah Bnrrncks .... 
,ewiston 

niiwur. 
ledo .............. 
urorn... .......... 
twood ............ 
maon ............. 

Angcl Ialnnd ....... 

Xiddlotown ....... 

........ 

......... 

...... ........... 

....... 
............ 

......... ........... 

.......... 

TABLE 111.-Devth o f  euavoration. in iltchw, &c.-Continued. 

f 
.. 
6 

IO 
7 

IO 
IO . 8 
a 
9 

I I I  
11 
78 

IO: 
6: 
g! 
7' 
8L 
8: 

1% 

E 
8: 
7' 

81 
8L 

7f 

71 
7; 

75 

E 
7~ 

7E 

8c 

g? 
84 
g.f 
gc 
84 

88 

95 

84 
95 
81 
go 
93 
8g 
90 

:; 

76 
81 
80 
86 

93 
93 

100 

91 
ga 
ga 
gz 

6 
91 

I4 
100 

f 
93 

100 
99 

86 
88 

E 

Meteorological record of voluntary observers, &c. -Continued. 

1Uinois-Cont'd. 
Bolvidere .......... 
Brush Hill ......... 
Cednrville 
Chnr1eston.i :: 1:::: 
~ o ~ ~ i n s v i ~ ~ o  ........ 
Dwight ............ 
Flora .............. 
Groenville ......... 
Griggsvillo ........ 
Honnopin 
Irishtown.. 
Jncksonville ...... 
Joliet ............. 
Lncon ............. 
Luke Forest  ....... 
Lnrnrk ............ 
Mnrtinsville ....... 
Mnscoutnh ........ 
Mnttoon ........... 
Mount Morris ..... 
Oiney .............. 
Oqunwkn .......... 
Oswego ............ 
Ottnwu ............ 
Pnlestine .......... 
I'nnn ............... 

.......... ........ 

8. 
9. 
8 

8 
9: a 
9: 
8( 
9: 
9: s; 
8: 
8~ 
8( 

2 
94 
8: 
8f  

G 
8c 
8t 
8t 

47 
49 

..... 
54 
70 

D O  

74.1 
71.1 

61.1 

..... 
8 q . O  

9 
55 
9 
sa 
43 

62 
63 
54 
57 
51 
48 

..... 

.......... ..... ..... ..... ..... 
60.0 
86.0 
82.0 
62.0 
80.0 

68.6 

65. o 

..... 

..... 
8: :: 

....... 
Paris .............. 
Pekinr.. ........... 
Peoria ............. 
Philo .............. 

SC 
q 
91 
8f  

PO10 ................ 
Pont.inc ............ 
Riley .............. 
Rockford .......... 
Bandwlch. ......... 
Bout11 Evnnston .... 
Bumnor.. .......... 
8 onmore .......... 
Wntseka..  
White €in11 
Windsor ........... 
Winchester 
Winnebngo 
Woodstock ........ 
Angola Indiana. 

Blue Lick ......... 
Uutlorville 
Columbinciij::::'. 
Columbus .......... 
Connoraville ....... 
Delphi ............. 
Dcgonin Springs ... 
Fnrriilnnd ......... 
Vrnnkl in.. ......... 
Jetfersonville ..... 
Lnfi1yett c 
hlnrcnso 
hlarion ............. 
Mnuzy ............. 
Mount Vornon.. ... 
Princcton ......... 
Richmond ......... 
Rockvi I lo ......... 
junmun .......... 
jcytnour.. ......... 
knllsville ......... 
Vevny ............... 
Wort llnpon,..  .... 

Indian cmtory .  
h d d o  Creek ....... 
Bort Gibson 
Tort Iiono ........... 
?ort Sherman.. .... 
k t  Bu ply ....... 

!ma. 
h n n n  ............. 
Lmes .............. 
hncroft  e... ....... 
jedqr Rapids a.. ... 
hr ind t r  ........... 
:linton ............ 
:rosco ............. 
:romwell. )eR Moines.. ........... 

'ort Mndison ...... 
ilonwood ........ 
;lanwoodb ........ 
l r i n n e ~  ........... 
lampton .......... 
ndopcndence @ .... 
own City .......... 
Jogan ................. 
Inquoketn. ....... 
lunaon* ........... 
Ionticallo e... .... 
Iount. Plemnnt .... 
fount Vernon e.. .. 
Iuscntino ......... 
Isage .................. 
lsceoln ............ 
lsknloosna.. ...... 

d n d n h  ........... ......... ........ 
....... ........ 

............ 

.......... ........... 

p i t d ; .  ........ .......... ........... 

8E 

81 
8: 
8t 
gc 
81 
85 

88 

8a 

!: 
86 
86 
86 
82 
88 

3 
86 
84 

86 

E 

c 
@I 

E 
3 
2 
3 
Sa 
89 
85 
83 

@ 
95 

79 
94 

8q 
83 
88 
81 
91 
86 
81 

94 

g 

G 
i: 
82 

2 
79 
8q 
87 

80 
87 
g6 

88 

76.5 
76.1 
79.1 
76.0 
80.0 
9.8 5 1.7 

78.4 
77.0 
74.7 

7.47 
11.82 
10.82 
11.86 
8 . 9  
9.90 

10.w 
8.01 
4.80 
7.90 1 

68.4 ..... 
60.0 
59.0 

0.g 
0.15 

1.84, 
1.89 I 

- 
d 
b. 
8 
k 
.- 
- 
I7W. 
0.68 
2. r 
0.81 
1.4a 
2. 26 
0.40 
1.26 
1.47 
4.00 
I .ar  
0.67 
a. 05 
0.90 
1.04 
1.50 
1 . q  
1.36 

2.70 
0.91 
1.00 
I . 2 ?  
0.60 
0.76 
1.66 
2-44 
a. 17 

::g 

:: 18 

::s 
1.18 
0.47 
1.00 

1.54 

1. og 
1 . q  
3.50 
I. I O  
1.28 
2.45 
I. IO 
). 8a 

5-  9.7 
3.09 

I. 18 
L. 35 

1.40 

::9 
y9 
.: .$ 
I. ao 
). 32 
1.40 
1.31 
1. 11 
1.3 
.a8 

1. go 

.a3 . 20  

.aq 

.22 

.31 

. ' 5  

.60 

:g 

... 
fr . 
.a0 

: 8: . aa 
.07 
.60 
.w 
.8a 
.a7 
,95 . .% 
39 
43 

... 

... 
Jt 
1.3 

83 

85 
47 
90 

01 

00 

% 
2.5 

-- 
Temperature 
(Fahrenheit .  Stations. - - 

3 

2 
B - 
0 

57. 
68. 
64. 
61. 
6% 
6 3  
65. 

63. 
60. 

61. 

2: c: 
2: 

z:: 

61. 

59. 
65 
68. 
56. 

63. 
60. 
62. 
61. 
6% 
6% 
61. 
9. 
9. 
61. 

66. 
54. 
63. 
59. 

... 

tg;, 
57.. 
55. 

61.( 
64.1 
2:* 
62: 
61.# 
Q. ; 
66. : 
61.: 
62.: 
4. : 
61.: 
66.1 
59. ' 
56.: 
57.1 
54.: 
k. d 

53. ( 

55. ( 

54.: 

51.: 

57. I 

51.: 

,..I 

10.4 
r1.1 .... .... 
j8. a 

i8.6 
$: 

2: :: 

a. 7 

85.8 

0.8 
... 
... 
... 
5.6 
3. a 
9.5 
5.5 
7.4 

4.4 
2. I 

... 
8: : 
r .a  
1.8 
9. 2 

6.6 
... 
... 

- 
d 
f - 

< 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3' 
3' 
3 
3' 
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